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SUMMARY
In attempts to infect cucumber protoplasts with cucumber mosaic virus (CMV) RNA, the use of polyethylene glycol as an uptake inducer proved successful. This method involves resuspending protoplasts in high concentrations of polyethylene glycol in the presence of RNA, followed by rapid dilution. Levels of infection obtained with CMV-RNA were more reproducible than those using virus nucleoprotein. This method was also suitable for the inoculation of protoplasts with tobacco ringspot virus RNA.
Attempts to infect plant protoplasts with plant virus RNA have become increasingly successful in recent years and some notable examples have demonstrated infection efficiencies approaching those achieved with intact virions. In these instances, the methods can be broadly divided into three categories: (i) infection with virus RNA in a complex with a polycation in a ratio similar to that used for virus nucleoprotein (Beier & Bruening, i976; Dawson et aL I978) with, in one case, osmotic shock as an additional factor (Okuno & Furusawa, I978); (ii) enhanced uptake of virus RNA under conditions of high pH and high salt concentrations, sometimes facilitated by low concentrations of poly-L-ornithine (PLO) (Sarkar et al. I974; Mfihlbach et al. I977) ; (iii) protoplast infections mediated by polyethylene glycol (PEG) (Dawson et aL 1978) . In this paper, we report the results of attempts to infect cucumber protoplasts with cucumber mosaic virus (CMV) RNA using variations of these methods and describe a method for the efficient inoculation of cucumber protoplasts with virus RNA using PEG.
Procedures for the isolation, maintenance and viability assessment of protoplasts of Cucumis sativus L. cv. Ashley were as previously described (Maule et al. I979) . The W strain of CMV (Tomlinson et al. r97o ) was maintained in and purified from Nicotiana tabacum L. cv. White Burley by the method of Scott (I963) using three cycles of low and high speed centrifugation. The RNA was extracted from CMV using the aqueous phenol method (Wilcockson & Hull, I974) . A cherry isolate of tobacco ringspot virus (TRSV) (Stace-Smith & Hansen, I974) was purified from N. tabacum L. cv. White Burley using the method (b) of Salazar & Harrison (t 978) . The RNA was extracted from purified TRSV in 70 raM-sodium phosphate buffer, pH 7"0, by shaking with 2 vol. of water-saturated phenol containing Io% m-cresol and o. 1% 8-hydroxyquinoline for Io rain. After extracting the separated aqueous phase with a further 2 vol. of phenol mixture, residual phenol was removed by washing with diethyl ether, the ether removed by aeration and the RNA used immediately.
The published multiple inoculation procedure for the infection of cucumber protoplasts with CMV (Maule et al. I979) failed to give a successful infection with CMV-RNA at I/zg/ml or Io/zg/ml. Similarly, the inclusion of 5 mM-ZnC12, (an inhibitor of plant ribonucleases), with o.o2 M-potassium succinate buffer, pH 5"4 (Dawson et aL r978) in the method, was also unsuccessful. Zn z+ at this concentration was slightly toxic to cucumber protoplasts in contrast to its reported innocuity to tobacco protoplasts. Okuno & Furusawa (I978) (cv. Ashley) Table I . brome mosaic virus (BMV) when osmotic shock, equivalent to an increase in mannitol concentration of 0.2 M, was used. However, inoculation of cucumber protoplasts with 2/zg/ml PLO and 2/zg/ml CMV-RNA in 50 raM-potassium phosphate buffer, pH 5"7, containing o.35 M-mannitol and their subsequent washing with o.I mM-CaCl2 in 0"55 Mmannitol did not result in infection. The use of high salt concentrations at pH 9"0 (Sarkar et aL I974) gave, in only one of several experiments, an infection of cucumber protoplasts with CMV-RNA, but at less than 1% &the level routinely obtained with CMV nucleoprotein in the presence of PLO, as assessed by local lesion assay. The level of infection was not improved by increasing the concentration of virus RNA (8/zg/ml to 20/zg/ml) either in the presence or absence of 0.2/zg/ml PLO. Mg 2+ was reported to be important for protoplast stability in this procedure (Sarkar et al. I974) . High concentration of Mg 2+ ions are known to enhance the endocytosis of micro-and macromolecules by some animal cell lines (Wolstenholme et al. 1977) , but the incubation of CMV-RNA (Io/zg/ml) and cucumber protoplasts together in the presence of MgCl2 at concentrations up to o'85 M at either pH 9"o or pH 5"7 did not promote infection.
Comparison of reported techniques for PEG-mediated protoplast infection
Tomato and tobacco protoplasts have been infected with tobacco mosaic virus (TMV) using PEG (Cassells & Barlass, 1978; Cassells et al. I978) . Although there is no direct evidence to suggest that these methods would be suitable for inoculation with RNA, Dawson et al. (I978) used an effective concentration of PEG similar to the first of the two methods, for the infection of tobacco protoplasts with the RNAs and nucleoproteins of TMV, cowpea chlorotic mottle virus (CCMV) and brome mosaic virus (BMV). However, in this case, Ca ~+ ions were essential for infection (Dawson et al. ) 978), possibly indicating a fundamental difference in the mechanisms involved. In the absence of a complete understanding of the principles associated with the action of PEG, the significance of rapid dilution in PEG-mediated infections, the factor common to all these inoculation procedures (Table ~) , is unclear. Dilution is important for protoplast stability in the PEG-mediated fusion of both animal and plant cells (Davidson & Gerald, I976; Glimelius et aL I978) . Thus, a slightly modified procedure of Dawson et al. (1978) has been used to inoculate cucumber protoplasts with virus RNA.
Short communications
Cucumber protoplasts (o.5 x IO ~ to 1"5 x io 7) were washed three times with o'55 Mmannitol, resuspended in o.z ml of the same solution and mixed with 2 ml 40% (w/v) PEG (mol. wt. 6000) plus 3 mM-CaCt~ and o-z ml CMV-RNA or TRSV-RNA (0"5 rng/ml) held at o °C. After approx. To s, the suspension was diluted with 2o ml o'55 M-mannitol plus o-I mM-CaCI~ with gentle shaking and incubated for 3o rain at zo °C. Protoplasts were washed three times with 0"55 M-mannitol plus o'r mM-CaCI2 and cultured for 38 to 40 h. CMV infection was assessed by local lesion assay of extracted RNA and fluorescent antibody staining (Maule et aL I979) ; for the assay for TRSV nucleoprotein, protoplasts were washed once in 0"55 M-mannitol plus o'I mM-CaC12, homogenized in 0-6 ml culture medium and diluted IO times and Ioo times in 50 mM-sodium phosphate buffer, pH 7"5, prior to inoculation on to Vigna sinensis Endl. cv. 'Blackeye' (the local lesion host). PEG treatment was not toxic to cucumber protoplasts except occasionally in the presence of CMV nucleoprotein. The results of some typical experiments are presented in Table z . Increasing the RNA or nucleoprotein inoculum fivefold failed to give any increase in the level of infection.
PEG-mediated infection with CMV-RNA is unusual in that it generally gave better and more reproducible infections than those using the multiple inoculation technique with CMV/PLO complexes (Maule et al. I979) . The success of this procedure provides a valuable opportunity for studying the biological role of the RNA species of these multicomponent viruses by introducing the genome segments either singly or in combination. Infection efficiencies obtained with this method are comparable to those obtained by Dawson et al. 0978) , infecting tobacco protoplasts with virus RNA, and to those of many other workers using other techniques.
